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SPECIFICATION 

TRANSMISSION SIGNAL PRODUCTION METHOD , COMMUNICATION METHOD , 
5 AND DATA STRUCTURE OF TRANSMISSION SIGNAL 

TECHNICAL FIELD 

The present invention relates to a transmission signal 
10 production method, a communication method using the 
transmission signal , and a data structure of the transmission 
signal and, more particularly, is advantageous to a 
multi-path environment such as that of mobile communication. 

15 BACKGROUND ART 

As a demand for data communication is increased in 
cellular wireless communication and various mobile 
environments , there is a need for a technology that increases 

20 the utilization of wireless frequency resources. For 
example, in the communication method using the CDMA method, 
the correlation characteristics of a spreading sequence and 
the inter-channel interference due to the multi-path 
characteristics of a transmission path are factors that limit 

25 the frequency utilization. 

Because the method using Orthogonal Frequency Division 
Multiplexing (OFDM) is frequency multiplexing using a sine 
wave, the effect of a multi-path appears as the fading of 
a signal power and, therefore, there is a problem that it 

30 is difficult to separate a transmitted sine wave signal from 
a multi-path sine wave signal. 
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On the other hand, the CDMA method can use a pilot signal 
to separate a transmission signal from a multi-path signal 
transmitted at the same frequency and at the same time. 

The CDMA method is a multiple access method using the 
5 spread spectrum communication method. In this spread 
spectrum communicationmethod, modulation is performed using 
a spreading code sequence . For example , a periodic sequence 
with no autocorrelation is used as the spreading code 
sequence . 

10 As a spreading code sequence that separates the 

original transmission signal from a multi-path signal, a 
communication method such as the one using a complete 
complementary sequence is proposed. The complete 

complementary sequence is a sequence having the 

15 auto-correlation characteristics where the sum of the 
auto-correlation function of the sequences is 0 for all shifts 
except the 0-shif t and the cross-correlation characteristics 
where the sum of the cross-correlation function of the 
sequences is always 0 for all shifts. A complete 

20 complementary sequence is used to produce a 
ZCZ ( Zero-Correlation-Zone) -CDMA signal, free of a side lobe 
and an inter-channel interference, to make the periodic 
spectrum of the transmission signal a non-correlation 
spectrum. This makes it possible to allocate the same 

25 frequency and the same time to the pilot signal and the 
transmission signal . 

The problem with the spread spectrum communication 
method, which uses a conventionally proposed complete 
complementary sequence, is that the amplitude of a digitally 

30 modulated wireless signal is increased and a large dynamic 
range is required. 
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FIG, 5 shows an example of a signal that uses a complete 
complementary sequence as the spreading code sequence. The 
signal sequence AO ( =+++-++-+ ) is an example of a binary signal 
generated using a complete complementary sequence. In this 
5 example, n + " represents a "1", and w - " represents a 

When the multi-path characteristics affect the 
received signal of this example and a delay time is caused, 
the received signal transmitted via multi-path transmission 
lines is received as the signal sequence of "1, 2, 3, 1, 

10 1, 1,...". The increase in the amplitude of this signal is, 
for example, from 0 to 3, and the receiving side amplifier 
must have a dynamic range for this increase in the amplitude. 

If a dynamic range enough for this increase in the 
amplitude cannot be accommodated, the output signal is 

15 distorted by the non-linearity of the input/output 
characteristics of the amplifier, a frequency spectrum is 
generated also in a bandwidth other than that of the input 
signal, and the spurious characteristics are degraded. In 
addition, a distortion in the output waveform generates an 

20 inter-symbol interference on the receiving side and degrades 
the error rate. Amplifying the signal using the good 
linearity part of the amplifier increases the power 
consumption of the amplifier. An increase in the power 
consumption results in a decrease in the standby time of 

25 a mobile terminal. 

In view of the foregoing, it is an object of the present 
invention to solve the conventional problems described above , 
to reduce an increase in the amplitude of the signal during 
the modulation of transmission data through spread spectrum, 

30 and to reduce the dynamic range of an amplifier on the 
receiving side. 
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DISCLOSURE OF THE INVENTION 



When transmission data is modulated via spread spectrum, 
5 a spreading sequence itself is processed in the prior art 
to make the periodic spectrum of a transmission signal a 
non-correlated spectrum. By contrast, when transmission 
data is modulated via spread spectrum according to the present 
invention, not the spreading sequence itself is processed 

10 as in the prior art but a transmission data sequence is 
processed to make the periodic spectrum of the transmission 
signal a non-correlated spectrum. Making the periodic 
spectrum of the transmission signal a non-correlated 
spectrum reduces an increase in the amplitude of a signal 

15 and reduces the dynamic range of an amplifier on the receiving 
side . 

The method according to the present invention includes 
transmission data into a spreading sequence to allow a whole 
signal, which includes the data, to function as a spreading 

20 sequence, thereby reducing the dynamic range load. 

In a first mode of the transmission signal production 
method according to the present invention, a coefficient 
sequence of a spreading sequence is sequentially shifted 
one pitch at a time, transmission data is multiplied by the 

25 plurality of coefficient sequences to produce a plurality 
of transmission data, and the plurality of produced 
transmission data are added up to produce a transmission 
data sequence. Alternatively, the coefficient sequence of 
the spreading sequence is multiplied by the transmission 

30 data, the result is sequentially shifted, one pitch at a 
time, to produce a plurality of transmission data, and the 
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plurality of produced transmission data are added up to 
produce a transmission data sequence. 

In a second mode of the transmission signal production 
method according to the present invention, transmission data 
5 is multiplied by a coefficient sequence of a spreading 
sequence to produce a finite-length signal and this 
finite-length signal is repeated an infinite number of times 
to produce an infinite-length signal. Transmission data, 
which is longer than the coefficient sequence, is cut out 

10 from this infinite- length signal to produce a transmission 
data sequence. In the first or second mode of transmission 
signal production described above, transmission data is 
included into the spreading sequence. 

In another mode of the transmission signal production 

15 method according to the present invention, a plurality of 
transmission data sequences are produced using different 
coefficient sequences when the first or second mode of the 
transmission signal production method described above is 
used for producing a transmission data sequence and, in an 

20 arbitrary combination of two different transmission data 
sequences, a periodic cross -coefficient function of the 
transmission data of the transmission data sequences is 0 
for all shifts. The plurality of transmission data 
sequences are transmitted in parallel so that the periodic 

25 spectrums of the transmission data sequences have no 
correlation . 

The coefficient sequence used for the transmission 
signal production according to the present invention can 
be selected from a ZCZ sequence , can be a coefficient sequence 
30 of any vector row selected from a complete complementary 
sequence, and can be produced using a DFT matrix. 
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The ZCZ sequence used here is a sequence having a 
periodic zero correlation zone that has the zero 
auto-correlation zone characteristics and zero 
cross-correlation zone characteristics. For example, a 
5 complete complementary sequence can be used as the 
predetermined coefficient sequence. A complete 

complementary sequence is a sequence having the 
auto-correlation characteristics where the sum of the 
auto-correlation function of the sequences is 0 for all shifts 

10 except 0 shift and the cross-correlation characteristics 
where the sum of the cross-correlation function of the 
sequences is always 0 for all shifts. 

A DFT matrix is a discrete Fourier transform matrix 
and is a square matrix having orthonormal columns. The 

15 nature of different rows of a DFT matrix is that the periodic 
cross-correlation function is zero for all shifts and, 
therefore, the periodic cross function of the signals, 
produced using different rows of a DFT matrix using this 
nature of the DFT matrix, can have the value of zero for 

20 all shifts. The present invention uses this nature of a 
DFT matrix to allow a plurality of signals to be transmitted 
at the same time without causing a mutual interference among 
periodic signals. 

The communication method according to the present 

25 invention comprises the steps of transmitting the 

transmission data sequence produced in accordance with the 
transmission signal production method of the present 
invention and receiving transmission data via a matched 
filter corresponding to the coefficient sequence used for 

30 the production of the transmission data sequence. 

According to the communication method of the present 
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invention, the transmission data sequence is used as a pilot 
signal for measuring multi-path characteristics, and the 
multi-path characteristics of a transmission path can be 
obtained by receiving this pilot signal. 
5 In another mode of the communication method of the 

present invention, a plurality of transmission data 
sequences are produced using different coefficient sequences 
and at least one transmission data sequence selected from 
the transmission data sequences is used as the pilot signal 

10 with other transmission data sequences used as transmission 
signals. The multi-path characteristics are obtained from 
the reception signal of the pilot signal, and the multi-path 
characteristics are removed from the reception signal of 
the transmission signal using the multi-path characteristics , 

15 which are found, to produce transmission data. 

The periodic spectrums of the pilot signal and the 
transmission signals have no correlation and, by passing 
them thorough the corresponding matched filters , each signal 
can be separated. The multi-path characteristics of the 

20 pilot signal can be obtained from the relation between the 
transmission signal and the reception signal, and the 
transmission signals can be obtained from the multi-path 
characteristics and the reception signals. 

The data structure of a transmission signal according 

25 to the present invention comprises a transmission data 
sequence produced by cutting out transmission data, which 
is longer than the coefficient sequence, from an 
infinite- length signal produced by repeating a finite -length 
signal, produced by multiplying transmission data by the 

30 coefficient sequence of a spreading sequence, an infinite 
number of times. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a general diagram showing a transmission 
5 signal production method according to the present invention 
and the data structure of a transmission signal according 
to the present invention; FIG. 2 is a diagram showing the 
coefficients of a fourth order DFT matrix; FIG. 3 is a diagram 
showing the relation between a pilot signal and transmission 
10 signals; FIG. 4 is a diagram showing the relation and 
correlation between transmission signals and detected 
signals; and FIG. 5 is a diagram showing an example of a 
signal that uses a complete complementary sequence as the 
spreading code sequence.. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 

A transmission signal production method, a 

communication method, and the data structure of a 
20 transmission signal in the best mode for carrying out the 

present invention will be described below with reference 

to the drawings. 

The following describes embodiments of the present 

invention in detail with reference to the drawings. 
25 FIG. 1 is a general diagram showing a transmission 

signal production method of the present invention and the 

data structure of a transmission signal of the present 

invention . 

According to the present invention , a transmission data 
30 sequence ( shown in FIG . 1 ( c , d) ) is produced from transmission 
data b ( = (b0, bl, b2, b3 , bM-1)) (shown in FIG. 1(a)) 
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using a spreading sequence (sequence a(= (aO, al , aN-1) 
in FIG. 1(b)), and this transmission data sequence is used 
as a transmission signal. The length of the spreading 
sequence is N bits, and the data length of the transmission 
5 data b is M bits. 

To produce the transmission data sequence B from the 
transmission data b (bO, bl, b2, b3 , bM-1) (shown in FIG. 
1(a)), the transmission data (bO, bl, b2 , b3, bM-1) is 
multiplied by the coefficients of the coefficient sequence 

10 (aO, al, ... , aN-1) of the predetermined spreading sequence 
(shown in FIG. 1(b) ) to produce a plurality of transmission 
data sequence BO, Bl, ... , BM-1. 

FIG. 1 shows an example of the coefficient sequence 
(aO, al, ... , aN-1) of a spreading sequence, that is, (1, 

15 0, 0, j, 0, 0, -1, 0, 0, -j, 0, 0). When the 

coefficient sequence of this spreading sequence is applied 
to the transmission data b (bO, bl, b2, b3, bM-1), 
transmission data B0 becomes (bO, 0, 0, jbO, 0, 0, 

-bO, 0, 0, -jbO, 0, 0) and transmission data Bl becomes 

20 (bl, 0, 0, jbl, 0, 0, -bl, 0, ...,0, -jbl, 0, 0). 

The other transmission data is also processed in the same 
manner. The processing in which the transmission data b 
( = (b0 , bl , b2 , b3, bN-1 ) ) is multiplied by the coefficients 
of the coefficient sequence (aO, al , aN-1) of the 

25 predetermined spreading sequence is represented by the 
Kronecker product as shown in FIG. 1(b). 

Next , as shown in FIG . 1(c), a plurality of transmission 
data B0, Bl, B2, ... , produced by multiplying them by the 
coefficients, are delayed each for one pitch and then added 

30 up to produce the data sequence B(=b+jb-b-jb). In 
addition, data is added before and after this data sequence 



9 



B to produce a finite-length periodic sequence. FIG. 1(d) 
shows a finite-length periodic sequence. As shown in FIG. 
1(d), this finite-length periodic sequence is produced by 
adding the ending data sequence (jb) of the data sequence 
5 B to the start of the data sequence B (=b + jb - b - jb) and 
by adding the starting data sequence (-jb) of the data 
sequence B to the end of the data sequence B. 

The intervals among the data sequences b, jb, -b, and 
-jb of the data sequence B can be determined arbitrarily 
10 according to the intervals among the coefficients of the 
sequence a (for example, Tl, T2 , ... ) . 

The spreading sequence can be produced by using a DFT 
matrix. FIG. 2 shows the coefficients of a fourth order 
DFT matrix. 

15 The following describes an example of a spreading 

sequence of a fourth order DFT matrix. 

When the transmission data is (1, 0, 0, 0) and the 

coefficient sequences (1, 1, 1, 1), (1, j, -1, -j), (1 # -1, 

1, -1), and (1, -j, -1, j) of the rows of the DFT matrix 
20 are applied to the transmission data ( 1 , 0 , 0 , 0 ) , the periodic 

sequences A - D can be represented by the Kronecker products 

as shown by expression (1) given below. 

A = (1, 1, 1, 1) 
25 0 (1, 0, 0, 0) 

B = (1, j, -1, -j) 
® (1, 0, 0, 0) 

30 C=(l, -1, 1, -1) ... (1) 

® (1, 0, 0, 0) 
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D = (1, -j, -1, j) 
0(1, 0.- 0, 0) 



5 In the expression ( 1 ) given above , the periodic sequence 

A is expressed as follows: 

A = (1, 0, 0, 0, 1, 0, 0, 0, 
1, 0, 0, 0, 1, 0, 0, 0) 
The periodic sequence B is expressed as follows: 
10 B - (1, 0, 0, 0, j, 0, 0,0, 

-1, 0, 0, 0 f -j, 0, 0, 0) 
The periodic sequence C is expressed as follows: 
C = (1, 0, 0, 0, -1, 0, 0, 0, 
1, 0, 0, 0, -1, 0, 0, 0) 
15 The periodic sequence D is expressed as follows: 

D = (1, 0, 0 # 0, -j, 0, 0, 0, 
-1, 0, 0, 0, j, 0, 0, 0) 
For example , a data sequence of a finite- length periodic 
sequence A ' can be produced by adding the ending data sequence 
20 (1, 0, 0, 0) and the starting data sequence (1, 0, 0, 0) 
of the periodic sequence A before and after the periodic 
sequence A. 

A' - (1, 0, 0, 0, A, 1, 0, 0, 0) 

The data length of this periodic sequence A' is the 
25 data length 16 bits of the periodic sequence A plus four 
bits on its both ends, that is, a total of 24 bits. This 
periodic sequence A' can be obtained by cutting it out from 
the infinite periodic sequence (...AAAA...) of the periodic 
sequence A. 

30 The transmission signal whose transmission data is the 

finite-length periodic sequence A' can be obtained by a 
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matched filter (matched filter) corresponding to the 
coefficients of a spreading sequence used for the production 
of the transmission signal . A matched filter, a filter used 
for de-spreading and obtaining the transmission data A, is 
5 produced corresponding to the coefficients of the spreading 
sequence used for the production of the transmission data 
A . 

The relation between the input signal and a matched 
filter is determined based on the complete complemetarity 

10 of the spreading sequence. For example, when the signal 
M is passed through the matched filter for the signal M, 
an impulse-like signal can be obtained due to the 
auto-correlation characteristics; however, when the signal 
M is passed through a matched filter other than the matched 

15 filter for the signal M, no signal can be obtained due to 
the cross-correlation characteristics . 

Let Af be a matched filter for the signal A. When the 
signal of the periodic sequence A' is passed through this 
matched filter Af , the output of the matched filter Af can 

20 be represented by the convolution operation shown below. 
Note that, to maintain the processing compatibility in the 
matched filter Af , the periodic sequence A' is changed to 
(A', 1) to increase the signal length by 1 to 25 bits. 

(A', l)*Af = 16(x, x, x, x, 1, 0, 0, 0, 1, 0, 0,0, 

25 1, 0, x, x, ... , x, x) 

where, x is a number obtained by the convolution operation 
(FIG. 4(a) ) . 

In the communication method according to the present 
invention, at least one of produced transmission signals 
30 can be used as a pilot signal to detect the multi-path 
characteristics of a multi-path transmission line via which 
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the signal is transmitted and to detect the transmission 
signal from which the multi-path characteristics are removed. 
FIG. 3 is a diagram showing the relation between a pilot 
signal and transmission signals . FIG . 4 is a diagram showing 
5 the relation and the correlation between a transmission 
signal and a detected signal. 

For example, in FIG. 3, the signal A is a pilot signal. 
This signal is transmitted via the multi-path transmission 
line P and is passed through the matched filter Af for the 

10 signal A. Then, the output signal p is produced. From this 
output signal p, the multi-path characteristics P of the 
multi-path transmission line can be obtained. 

On the other hand, the signal B - signal D are 
transmission signals. When those signals are transmitted 

15 via the same multi-path transmission line P as that of the 
pilot signal at the same time, they are affected by the same 
multi-path characteristics of the multi-path transmission 
line P. Therefore, the output signals q, r, and s, which 
are received via the matched filters Bf , Cf , and Df , include 

20 the same multi-path characteristics. Thus, removing the 
multi-path characteristics P from the output signals q, r, 
and s using the multi-path characteristics P obtained from 
the pilot signal can produce the transmission signal B, 
transmission signal C, and transmission signal D. 

25 In the description below, the multi-path 

characteristics are represented as P=(p0, pi, p2 , p3). pk 
is the multi-path factor of the delay time for time slots 
0, 1, 2, and 3. The multi-path characteristics P can be 
obtained, for example, by detecting the pilot signal, which 

30 is transmitted via the multi-path transmission line, using 
the matched filter for the pilot signal. 
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The signal A described above can be made to correspond 
to a non-reflective direct path in the multi-path 
transmission line with the multi-path factor pk 
corresponding to 1. 
5 Thus, the reception signal A" , which is transmitted 

via a multi-path transmission line with the multi-path 
characteristics of P=(p0, pi, p2 , p3), has a value shown 
below produced by multiplying the transmission signal (A' , 
1) described above by the multi-path factor pk. 
10 A" - pO(A', 1, 0, 0 # 0) + pl(0, A' # 1, 0, 0) 

+ p2(0, 0, A' # 1, 0) + p3(0, 0, 0, A', 1) 
The output obtained by passing this reception signal 
A" through the matched filter Af is as follow (FIG. 4(b)). 

A w *Af = 16(x, x, x, x, x, x, p3, pO , pi , p2 , p3p0 , 
15 pi, x, x, x, x, x, x) 

Therefore, when the transmission signal (A' , 1) , which 
is the pilot signal, is transmitted via the multi-path 
characteristics of P=(p0, pi, p2, p3) to produce a detection 
output, the multi-path characteristics P=(p0, pi, p2, p3) 
20 can be separated and detected from this detection output. 

Although, in the above description, an example is shown 
in which the same transmission signal ( 1 , 0 , 0 , 0 ) is applied 
to the periodic sequences A-D and the transmission data, 
produced by applying the periodic sequence A, is used as 
25 the pilot signal, it is also possible to use a transmission 
signal for the transmission pilot signal (for example, (1, 
1, 1, -1) different from the transmission signal (1, 0, 0, 
0) described above) and to use the transmission data, produced 
by applying the periodic sequence A to this transmission 
30 signal, as the pilot signal. In this case, because the 
transmission data produced from a specific transmission 
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signal is used as the pilot signal, the signal can be obtained 
as the pilot signal by passing it though the filter 
corresponding to the pilot signal. 

Next, the following describes a case in which a 
5 transmission signal is transmitted via a multi-path 
transmission line . 

The periodic sequence B can be expressed as follows 
from the expression (1) given above, 

B = (1, 0, 0, 0, j, 0, 0, 0, 
10 -1, 0, 0, 0, -j, 0, 0, 0) 

The ending data sequence (-j, 0, 0, 0) and the starting 
data sequence (1, 0 # 0 # 0) of the periodic sequence B are 
added before and after the periodic sequence B to produce 
a finite-length data sequence of the periodic sequence B r . 
15 B' = (-j, 0, 0, 0, B, 1, 0, 0, 0) 

The data length of this periodic sequence B' is the 
data length 16 bits of the periodic sequence B plus four 
bits on its both ends, that is, a total of 24 bits. This 
periodic sequence B' can be obtained by cutting it out from 
20 the infinite periodic sequence ( ...BBBBB... ) of the periodic 
sequence B. 

The transmission signal whose transmission data is the 
finite-length periodic sequence B' can be obtained by a 
matched filter (matched filter) corresponding to the 

25 coefficients of a spreading sequence used for the production 
of the transmission signal. A matched filter, a filter used 
for de-spreading and obtaining the transmission data B, is 
produced corresponding to the coefficients of the spreading 
sequence used for the production of the transmission data 

30 B. 

When the periodic sequence B' is changed to the 25-bit 
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signal (B' , j) and is passed through the matched filter Af 
for the signal A, the following output is obtained. 

(B', j)*Af = 16 (x, x, x, x, 0, 0, 0, 0, 0, 0, 0, 

0 , 0 , 0 , x , x , ... , x # x ) 
5 where, x is a number obtained by the convolution operation. 

When the periodic sequence A' is changed to the 25-bit 
signal (A' , 1) and is passed through the matched filter Bf 
for the signal B # the following output is obtained. 

(A', l)*Bf = 16(x, x, x, x, 0, 0, 0, 0, 0, 0, 0, 

10 0 , 0 , 0 , x , x , ... # x , x ) 

Therefore, when the time difference between the two 
signals, signal (A', 1) and signal (B r , 1), is limited in 
the same frequency band, they can be transmitted 
independently (FIG. 4(c) and FIG. 4(d)). 
15 In the multi-path environment with the multi-path 

characteristics P, the signal (A', 1) and the signal (B', 
j) also have no cross -correlation and can be treated 
independently (FIG. 4(e) and FIG. 4(f)). This means that, 
because the transmission signals can be treated 
20 independently, not only the signal A but also the signal 
B, C, or D can be used as the pilot signal for detecting 
the multi-path characteristics. 

The fact that there is no cross-correlation can be 
confirmed as follows. 
25 The transmission signal (A* , j ) is transmitted via the 

multi-path transmission line P, and the obtained reception 
signal A" is detected by the matched filter Bf for the signal 
B. Then, the output signal is as follows. 

A" *Bf = (x, x, x, x, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
30 x, x, ... , x, x) 

The transmission signal ( B ' , j ) is transmitted via the 
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multi-path transmission line P, and the obtained reception 
signal A" is detected by the matched filter Af for the signal 
A. Then, the output signal is as follows. 

B" *Af = (x, x # x, x, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

5 3£ / X i ... i 3C / 5C ) 

This indicates that both have a non-correlation range in 
the cross correlation function and therefore they have no 
cross -correlation . 

When the signal (B', j ) is transmitted via the 
10 multi-path transmission lien P, the reception signal B" is 
represented as follows. 

B" = p0(B', 3, 0, 0, 0) + pl(0, B', j, 0, 0) 

+ p2(0, 0, B', j, 0) + p3(0, 0, 0, B', j) 
When the transmission signal (B' , j ) is passed through 
15 the matched filter Bf at this time, the output signal is 
obtained by the convolution operation between the 
transmission signal (B', j) and the matched filter Bf and 
is represented as follows (FIG. 4(g)). 

(B r , j)*Bf = (x x, -4j, 0, 

20 0, 0 f 4, 0, 

0, 0, 4j, 0, 
0, 0, -4, x, x) 
Therefore, when the signal that is transmitted via the 
multi-path transmission line P is B", the reception signal 
25 detected by the matched filter for the signal B can be obtained 
by the convolution operation between the signal B" and the 
matched filter B and is represented as follows. 
B" *Bf 

= 4(..., x # x, x, x, -jpO, -jpl, -jp2, -jp3, 
30 pO, pi, p2, p3, jpO, jpl, jp2, jp3, x, x, x, x, 

...) 
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where Bf corresponds to the matched filter B. 

The multi-path characteristics pO , pi, p2 , and p3 can 
be obtained directly as the output of the matched filter 
(FIG. 4(h)). 

5 Therefore, the signals A, B, C, and D have no correlation , 

the periodic cross -correlation function between the signals 
has a value of 0 for all shifts, and the periodic spectrums 
of the signals do not overlap. 

Next, the following describes the procedure , according 
10 to the communication method of the present invention, for 
collecting transmission data from the reception signal 
transmitted via a multi-path transmission detour path. 

The transmission data b (bO, bl, b2, b3, b4 , b5) is 
processed into the following transmission signal using the 
15 spreading sequence signals (B', j, 0, 0, 0, 0, 0), (0, B', 
j, 0, 0, 0, 0), (0, 0, B f , j, 0, 0, 0), (0, 0, 0, 0, 0, 

B' , j) produced by shifting the sequence one chip at a time. 
b0(B' , j, 0, 0, 0, 0, 0) 
+bl(0, B' , j, 0, 0, 0, 0, ) 
20 +b2(0, 0, B', j, 0, 0, 0) 

••• 

+b5(0, 0, 0, 0, 0, B', j) 

When this transmission signal is transmitted via the 
multi-path transmission line P and is detected by the matched 
25 filter Bf for the signal B, the following output signal is 
detected. 

(x, x, x, x, qO, ql, q2 , q3 , q4 , q5, q6 , x, x, 

x, x) 

The above relation can be represented by the following 
30 expression. 
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Because this relational expression is composed of seven 
simultaneous equations including six unknowns (bO, bl, b2, 
b3, b4, b5), the transmission data (bO, bl, b2 , b3, b4 # b5) 
can be found using p0-p3 and q0-q6. 

P0-p3 can be obtained from the output of the matched 
filter Af for the signal A, and q0-q6 from the output of 
the matched filter Bf for the signal B. 

As is apparent from the above description, the method 
according to the present invention includes transmission 
data into a spreading sequence to allow the whole signal, 
which includes the data, to function as a spreading sequence. 
This reduces an increase in the amplitude of the signal and 
reduces the dynamic range of an amplifier on the receiving 
side . 



INDUSTRIAL APPLICABILITY 

20 The transmission signal production method, 

communication method, and the data structure of the 
transmission signal according to the present invention are 
advantageous and are useful for the multi-path environment 
of mobile communication. 
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